After describing the results of BIV research during the past years experimental data are presented which indicate that BIV does not cause any clinical symptoms after infection and that no correlation exists with the other widely spread retrovirus in the bovine, the bovine leukosis virus (BLV). Since contact obviously did not lead to a horizontal transmission it is suggested that transmission occurs, as in the cat, vertically from dam to offspring. It was also found that a long period of time after infection can elapse before antibodies against BIV can be detected. It is also quite clear that HIV and BIV do not have much in common except that both are lentiviruses.
Introduction
Whereas lentivirus infections in animals have been known for many decades it was only fairly recently that the human lentivirus 'human immunodeficiency virus (HIV)' was isolated and described as the etiological agent of AIDS. For a period of time the human oncoviruses HTLV1 and 2, isolated and identified by the American scientist Gallo, were thought to be the causative virus until the French scientist Montagnier isolated and identified the true HIV. Immediately after the detection a fight broke out between the two scientists and even governmental authorities on both sides of the Atlantic were involved, because a lot of revenue was expected from the sale of the then developed kits for the proof of viral antigen and/or antibodies. This argument eventually ended in a compromise. Since then much scientific work has been completed but a vaccine offering protection has not been obtained up to now.
The bovine immunodeficiency virus (BIV) was accidently detected during research on bovine leukosis by the late Van Der Maaten (1972) . This virus has lately drawn some attention since it was thought to be involved in herd problems in the USA and in Great Britain. But in an earlier discussion in Italy in 1991 (Straub) it was postulated that BIV does not cause an immunodeficiency in cattle in contrast to the feline immunodeficiency virus (FIV) in cats.
In the following an attempt is made to show some differences between HIV and BIV in their hosts and in data obtained in BIV research since 1991.
HIV infection
The transmission of HIV in the human occurs mainly through sexual (homo-or heterosexual) contacts or iatrogenic by contaminated blood or blood-derived products; otherwise it is extremely rare. A period of latency follows infection which can last individually for many months to many years. During this period the virus is propagated in the white blood cells, mainly macrophage/monocytes and T lymphocytes, where the CD4/CD8 ratio is of importance. Since these cells are the basis for the development of an immunity against any foreign agent it becomes clear why the body loses its capacity to fight infections. Therefore HIV-infected humans finally succumb to an infection by even ubiquitous microbes that usually do not cause any symptoms. However, some humans obviously survive an infection. They remain latently infected but the immune system stays strong enough to prevent the immunodeficient effect. The cause, probably genetically influenced, has not been determined, but there are obviously also some HIV strains that are less virulent and even thought to be useful for vaccines.
BIV infection
Following the isolation of the first BIV (strain designation R29) numerous studies were started in a number of countries on various species and on the molecular structure, as well as trials to isolate more strains. The basis for this activity was not only curiosity but two reports, one from the United States (summary by Gonda, 1994) and one from Connor (England), who used a Sunday paper (1994) to spread the news.
According to these reports an infection by BIV caused a wasting disease in cattle. But when details about the herds became known, it was quite obvious that hygienic conditions and infections with other agents were possibly the true problem.
Nevertheless the inaugurated studies revealed lots of results that shed some light on the virus; its occurrence and properties, its relationship with other lentiviruses diagnostic tools, experimental inoculations of natural and other possible hosts, as well as the isolations of a second strain and another lentivirus, etc.
The second isolation was achieved in Florida from a seropositive cow (Suarez et al, 1993) from buffy coat cells cultivated in vitro with fetal bovine lung cells.
Besides in the USA and Great Britain seropositive cattle were detected wherever a number of cattle was checked by various laboratory tests (ELISA, Western blot, focus immunoassay, PCR), for example in Holland (Horzinek et al, 1991) , Australia (Forman et al, 1992) , Germany (Muluneh, 1994) , Canada (Jacobs et al, 1995) , Costa Rica (Hidalgo et al, 1995) and France (Polack et al, 1996) . But no isolations were reported by these laboratories.
The characterization and molecular cloning was reported in 1987 by Gonda et al (Gonda, 1994) . According to them BIV encodes a reverse transcriptase with an Mg2+ cation preference. The morphology is most similar to HIV and also a conservation of epitopes between the major core proteins. They point out that BIV is a novel lentivirus 'related to HIV and other lentiviruses'. The nucleotide sequence and other detailed information was subsequently reported by Garvey et al (1990) .
Experimental inoculations and natural infections
The results of these studies are described chronologically in the following. Whetstone et al (1990) found humoral anti-S107 Table 1 The white blood picture of the three BLV seropositive cattle at the dates indicated bodies -primarily to p26 -after blood transfusions from an experimentally infected calf to non-infected cattle and in many cattle from herds that carried humoral antibodies against a number of other bovine viruses (see below). In the next study (Whetstone et al, 1991) sheep and goats were included and following the inoculation with cultured material, a number of polypeptides were identified. All three species developed specific antibodies, p26 being the first ones 2 weeks p.i. The last were gp 110 (in cattle 4 to 6 weeks, in sheep and goats 9 months p.i.). Carpenter et al (1992) claimed that virus replication was very low in the cattle infected. Lymphocyte counts were elevated and follicular hypoplasia was observed in lymph nodes, haemal nodes and spleen. Histopathological changes were reported to occur early and be similar to other lentiviruses including HIV. A Canadian group (Archamboult et al, 1993) confirmed the p26 occurrence in cattle, sheep, goats and rabbits, but they could not prove any BIV-induced immune response disturbance as follows infections with HIV. Flaming et al (1993) reported that BIV infections were associated with an increase in the lymphoblastic response to the mitogen phytohemagglutinin and a decrease in the neutrophil antibody-dependent cell-mediated cytotoxicity and neutrophil iodination but nothing else and in 1995, Rovid et al concluded that antibody-dependent cell-mediated cytotoxicity was not observed. In the same year, Nash et al (1995) suggested that BIV might be transmitted via semen. The mitogen-induced response on the other hand was confirmed in a Japanese experiment with sheep in 1996 (Hirai et al).
Whether or not BIV is involved in the appearance of an atypical T cell lymphosarcoma in a calf 5 months after inoculation cannot be concluded from such a single case (Rovid et al, 1996) .
Studies with dual infections
Since lenti-and oncoviruses belong to the same family and the etiological agent of the world-wide occurring bovine leukosis, the bovine leukosis virus (BLV), is a member of the oncovirus group, a number of reports deal with the combined infection. Whetstone et al (1990) found no correlation between the two. The same result was reported by St Cyr S108 Coats (1995) who checked the antibodies in two heavily BLVinfected herds and asked for further studies. The Japanese study (Hirai et al, 1996) concluded that the mixed infection in sheep resulted in a better humoral response compared to an infection with BLV alone.
Own studies
Since BIV infections are obviously more widely spread than originally thought and nobody could ever demonstrate under which circumstances persistently lymphocytic cattle develop lymphosarcoma, an experiment with 10 animals was started. Eight cattle, five of them BLV seropositive, two of them also antigen-positive (Straub, 1978) and three BLV seronegative, received 10 ml each of a BIV R29 suspension, 18th passage in fetal lung cells, intravenously. Further two animals served as contact controls. All animals were bled before inoculation or contact and at days 1, 2, 3, 4 p.i., then 3 weeks, 2, 3, 6, and 12 months p.i. as well as indicated in Tables 1 to 4 . The cattle were fed grass and hay supplemented by concentrates and kept in semi-or total isolation (contact) units. Body temperatures in the isolation units were taken once daily during the whole period of observation and animals daily controlled for the appearance of any change from the normal. Included in the study were sera from cattle with a known history of various stages of bovine leukosis.
Results

Clinical symptoms
During the whole period there was never any increase in body temperature nor any sign of a disturbance.
White blood picture
A selection of the white blood pictures is presented in Tables  1 to 4 . The selection is based on the fact that only at those dates any influence of the BIV inoculation or transmission may be recognized.
Antibody determination
From the many sera stored a selection was also made. The examination was performed by using the Western blot and classifying the results in − for negative and +, ++, +++, ++++ for the quality of the reaction. In Table 5 the results of the data from the experiment, in Table 6 those of other cattle, BLV positive or negative are summarized.
Discussion
As far as the clinical symptoms are concerned, there is no doubt that they did not occur. With this result in mind some of the symptoms described by others give reason for some doubt. The difference might be due to the fact that all the animals in the experiment reported were under daily control in semi-or completely isolated units inaccessible to other infectious agents.
At this point it should be mentioned that another lentivirus in cattle causes the 'Jembrana Disease', characterized by severe clinical symptoms and high fatalities in Bos javanicus (Wilcox et al, 1994) . This virus has also been sequenced and is quite different from BIV . The changes in the white blood picture might have something to do with the infection with BIV, but even so they are of very short duration, because the values during the other periods (not shown) did not give any evidence of any disturbance.
The antibody formation is interesting. For two animals already seropositive the inoculation caused a booster reaction, one (No. 171) remained obviously latently infected without any antibody production for many months. The quality of the antibodies was also different for reasons that remain unknown.
Remarkable is the fact that no contact transmission occurred. Possibly BIV is vertically transmitted like FIV in the feline species (O'Neil et al, 1995) .
